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Description 

The present invention relates to a bootstrap line 
power supply regulator with no filter capacitor. In partic- 
ular, the present invention relates to a power supply reg- 
ulator for a switching-type power stage of the type fea- 
turing power MOS transistors and a bootstrap capacitor 
for biasing the top power transistor at a level higher than 
the supply voltage. 

As is known, a power stage of the above type is sup- 
plied with a low-power square-wave signal, supplies a 
square-wave power output voltage, and typically 
presents the structure shown in Figure 1 and described 
below to give a clear idea of the problem underlying the 
present invention. 

The Figure 1 power stage, indicated as a whole by 
1, comprises a pair of N-channel power MOS transistors 
2, 3 connected between a supply line 4 and a ground 
line (reference potential line) 5. Transistor 2 (constitut- 
ing the high-side power transistor) has the drain terminal 
connected to supply line 4 at potential V^, and the 
source terminal connected to an output node 6; and 
transistor 3 (constituting the low-side power transistor) 
has the drain terminal connected to output node 6, and 
the source terminal connected to ground line 5. Power 
stage 1 is controlled by a drive stage 8 having an input 
9 supplied with a low-power square-wave input signal 
IN, and a pair of outputs 10,11 connected by respective 
buffer amplifiers 12, 13 to the gate terminals of transis- 
tors 2, 3 respectively. Drive stage 8 is a known type, and, 
according to one embodiment, for example, comprises 
an N-channel MOS transistor with the gate terminal sup- 
plied with signal IN, the source terminal grounded, and 
the drain terminal connected to a supply line via a resis- 
tor. The drain terminal of the transistor forms output 10, 
and output 11 is connected directly to input 9. 

Buffer amplifier 12 has a first and second bias input 
15, 16 connected respectively to nodes 17 and 6; and 
buffer amplifier 13 has a first and second bias input 18, 
19 connected respectively to a regulated-voltage input 
node 22 and to ground line 5. 

Power stage 1 is supplied by a regulated-voltage 
power supply 21 comprising a voltage source 23 gener- 
ating a regulated voltage VREG and connected between 
regulated-voltage node 22 and ground, and a diode 24 
with its anode terminal connected to node 22 and its 
cathode terminal connected to node 17. Figure 1 also 
shows a bootstrap capacitor 25 connected between 
nodes 17 and 6, for charging high-side power transistor 
2. 

Figure 1 also shows a filter capacitor 26 connected 
parallel with voltage source 23; a parasitic capacitor 27 
associated and connected parallel with diode 24; and 
the protection diodes (not numbered in detail) associat- 
ed in known manner with the power MOS transistors. 

Ignoring filter capacitor 26 and parasitic capacitor 
27 for the time being, the Figure 1 circuit operates as 
follows. On the basis of input signal IN at input 8, drive 

stage 9 generates, at outputs 1 O, 11, two complemen- 
tary square-wave signals for driv ing buffer amplifiers 12, 
13, which in turn generate gat© voltages related to the 
voltages at their terminals 16,1 9, and such as to alter- 

s natively turn on transistors 2,3, and ensure the neces- 
sary source-gate voltage drop for achieving a good sat- 
uration level of transistors 2,3. 

More specifically - assumin g that, when signal IN is 
high, output 10 of the drive stage is high and output 11 

10 is low, and vice versa - when INJ is low, output 11 is at a 
high voltage; the output of buffer amplifier 13 is high 
(roughly 10-15 V with respect to ground); transistor 3 is 
saturated and grounds output node 6 (OUT output low); 
conversely, the output of buffer amplifier 12 is tow; t ran- 

is sistor 2 is off; node 22 is at a higher potential than node 
6; and diode 24 is biased directly to charge bootstrap 
capacitor 25 to regulated voltage VREG (less the voltage 
drop across diode 24). 

When signal IN switches to high, output 11 of drive 
20 stage 8 switches to a low voltage; the output of buffer 

amplifier 13 is at ground potential so that transistor 3 is 
turned oft; conversely, output 1 O switches to high and 
turns on transistor 2, so that output node 6 increases in 
voltage; as soon as the OUT vo Itage at node 6 increas- 

es es, the voltage at node 17 also increases by virtue of 
bootstrap capacitor 25, and diode 24 becomes off. In 
other words, an increase in the voltage at output node 
6 is accompanied by a corresponding increase in the 
voltage at node 17, so that the output voltage supplied 

30 by buffer amplifier 12 and related to node 6, i.e. to the 
source terminal of transistor 2, is such as to fully sat urate 
transistor 2 and so bring node 6 to a high voltage (OUT 
output equal to V^). 

In practice, as the output si gnal OUT switches from 
35 low (ground) to high (VJ, bootstrap capacitor 25, via 

buffer amplifier 12, supplies tho gate terminal of high- 
side transistor 2 with the necessary charge, and re- 
charges itself when the OUT output is low. In the first 
step, current flows from regulated-voltage source 23 

40 through diode 24 to bootstrap capacitor 25; in the sec- 
ond step, current flows from bootstrap capacitor 25 to 
node 17, input 15 of buffer amplifier 12, the gate terminal 
of transistor 2, node 6, and bac k to bootstrap capacitor 
25, and diode 24 is inversely biased with nocurrent f low- 

45   ing through it. 
In the event the output voltage OUT switches to high 

before bootstrap capacitor 25 is fully charged, the Figu re 
1 circuit encounters problems in that, in this case, diode 
24 is still supplied with the charge current I of capacitor 

50 25, and has therefore accumulated a minority charge Q 
= I x wherein x is the transit tirno of the minority carriers. 
Thus, account musit now be ta ken of the parasitic ca- 
pacitor indicated by 27 in Figur© 1, and presenting a dif- 
fusion capacitance Cd = Q/Vt wherein Vt is the thermal 

55 voltage. This therefore results in a capacitive network 
comprising bootstrap capacitor 25 and parasitic capac- 
itor (diffusion capacitance) 27, and which tends to trans- 
mit the transition at the output to source VREG> and so 
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generate a current spike lsp in voltage source 23. 
To roughly calculate the value ot current l^, diode 

24 must lose the minority charge Q in time At, wherein 
At is the fraction of the transition time of output voltage 
OUT required to switch diode 24 from a direct to an in- s 
verse bias, so that lsp = Q/At. 

For output voltage OUT switching times of about 
100 ns, fraction At may be around 10 ns or less; and, if, 
for example, I = 200 mA and x = 20 ns, current spike l^ 
entering source 23 is around 400 mA or even more. 10 

Given the inductive nature of the output impedance 
of a power supply regulator, the current spike causes an 
unacceptable, uncontrolled increase in the regulated 
voltage at node 22. 

To solve the problem, it has been proposed to use is 
a filter capacitor - indicated by 26 in Figure 1 - connected 
parallel with regulated-voltage source 23, and which 
presents a capacitance of about one nanof arad, and ab- 
sorbs the current spike with no appreciable increase in 
voltage at its terminals (and hence at node 22). 20 

The disadvantage of this solution lies in the above 
capacitance preventing integration of filter capacitor 26 
which thus represents an additional external compo- 
nent. 

WO-A-94/27370 describes a power supply regula- 25 
tor, wherein, in order to eliminate discrete components 
such as the bootstrap capacitor and the diode, an on- 
chip circuit emulatinig the diode is disclosed. The emu- 
lating circuit comprises an LDMOS transistor and a drive 
circuitry to switch on the LDMOS transistor when the 30 
lower power transistor of the driver is on and to switch 
off the LDMOS transistor in the opposite phase. 

It is an object of the present invention to provide a 
power supply regulator of the above type, designed to 
operate correctly in any situation, even in the absence 35 
of a filter capacitor. 

According to the present invention, there is provid- 
ed a bootstrap line power supply regulator as claimed 
in Claim 1. 

In practice, according to one aspect of the present 40 
invention, the diode interposed between the bootstrap 
capacitor and the regulated-voltage source is turned off 
before the voltage at the low terminal of the capacitor 
(connected to the output of the power stage) switches 
from low to high. 45 

A preferred embodiment of the present invention 
will be described by way of example with reference to 
the accompanying drawings, in which: 

Figure 1 shows a diagram of a switching-type power so 
stage comprising a bootstrap capacitor and a 
known power supply regulator; 
Figure 2 shows an overall diagram of the power 
supply regulator according to the present invention, 
and as applied to the Figure 1 power stage; ss 
Figure 3 shows plots of a number of voltages rela- 
tive to the Figure 2 diagram; 
Figure 4 shows a more detailed circuit diagram of a 

possible implementation of the Figure 2 arrange- 
ment. 

In Figure 2, the power supp ly regulator is indicated 
by 30, and is applied to a power stage t of the type 
shown in and described in detail with reference to Figure 
1. The Figure 2 components similar to those in Figure 1 
are therefore indicated using the same reference num- 
bers with no further description . 

In addition to regulated-voltage source 23, the Fig- 
ure 2 power supply regulator 30 also comprises an in- 
verting buffer amplifier 31 in turn comprising a signal in- 
put 32 connected to input 9 of cJrive stage 6 to receive 
the same IN signal, and two bias inputs 33,34, of which 
input 33 is connected to node 22 set at regulated voltage 
VREG, and input 34 is grounded . The output of inverting 
buffer amplifier 31 defines a node 36 (set at a switched 
regulated voltage V36) connected to the anode of diode 
24, the cathode of which is connected, as in Figure 1, 
to node 17 to charge bootstrap capacitor 25. 

Operation of the circuit according to the present in- 
vention is based on the fact that, as regards the down- 
stream power stage 1, the val ue of regulated voltage 
VREG is only of importance when output 6 of the power 
stage is low, i.e. when bootstrap capacitor 25 is being 
charged, whereas, when output 6 is high, the regulated 
voltage value is no longer of any importance by virtue 
of buffer amplifier 12 being supp I ied by bootstrap capac- 
itor 25; and on the fact that, to prevent current spikes 
from being transmitted to regulated-voltage source 23, 
diode 24 need simply be tumo<d off before output 6 of 
power stage 1 switches to highi. 

The Figure 2 circuit therefore operates as follows. 
When the input signal is low (O V), output 11 of drive 
stage 8 and the output of buffer amplifier 13 are high, 
so that transistor 3 is turned on ; conversely, the output 
of buffer ampljfier 12 is low, and transistor 2 is turned 
off, as already described with reference to Figure 1. As 
such, the output of inverting buffer 31 is high and equal 
to the regulated voltage VREQ at node 22, thus permit- 
ting capacitor 25 to be charged to regulated voltage 
VREG as in the Figure 1 circuit. 

When input signal IN switches to high (e.g. 12 V), 
the output of inverting buffer 31 switches rapidly to 
ground potential (0 V) and inversely biases diode 24 
which is turned off. Following Sk delay due to switching 
of drive stage 8, outputs 10,11 of the drive stage and 
hence the outputs of buffer amplifiers 12,13 also switch 
as described with reference to Figure 1, so that transis- 
tor 3 is turned off, and transistor 22 is turned on toconnect 
output terminal 6 to supply voltage when diode 24 
is already definitely turned off. Consequently, when out- 
put 6 switches, current is prevented from flowing 
through diode 24 to regulated-voltage source 23, even 
in the event capacitor 25 is not fully charged. 

When input signal IN again switches to low, the reg- 
ulated voltage at the anode of diode 24 is restored be- 
fore the OUT output switches to low, thus ensuring boot- 
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strap capacitor 25 is charged. 
The time relationship between the switching of input 

signal IN, output voltage OUT, and the switched regu- 
lated voltage V36 at node 36 (anode of diode 24) is 
shown clearly in the time plots of the three quantities in s 
Figure 3. In particular, following low-to-high switching of 
input signal IN at instant to, the switched regulated volt- 
a9e v36 switches to low at instant tj (turning off inverse- 
ly-biased diode 24), and output voltage OUT switches 
to high at instant t2 > t-|. 10 

The time sequence shown (wherein switched regu- 
lated voltage switches in advance of output voltage 
OUT) is ensured by the propagation of the IN signal from 
input 9 to node 36 involving a small number of compo- 
nents (only inverting buffer 34), whereas propagation of is 
the IN signal from input 9 to output 6 involves drive stage 
8 (which in itself presents a propagation delay of other 
than zero), buffer amplifiers 12, 13, and power transis- 
tors 2, 3. Moreover, the circuit may be so designed as 
to ensure that, in any condition, the output always 20 
switches after switched regulated voltage V36. For cir- 
cuits of the type shown, the delay between input 9 and 
output 6 is typically of about 100 ns, and the delay be- 
tween input 9 and node 36 may be guaranteed below 
50 ns at all times. 25 

One embodiment of the Figure 2 circuit is shown in 
Figure 4, which shows regulated-voltage source 23 and 
inverting buffer amplifier 31 in more detail. 

More specifically, regulated-voltage source 23 com- 
prises a current source 40 connected between supply 30 
line 4 at V^and the collector of a diode-connected NPN 
bipolar transistor 41 (with the collector and base short- 
circuited). The emitter of transistor 41 is connected to 
the emitter of a diode-connected PNP transistor 42, the 
collector of which is grounded via two Zener diodes 43, 35 
44 in series with each other. The base terminal of tran- 
sistor 42 is connected to the base terminal of a PNP tran- 
sistor 45, the collector of which is grounded, and the 
emitter of which defines node 22 at regulated voltage 
VREG. Node 22 is also connected to the emitter of an 40 
NPN transistor 46, the base terminal of which is con- 
nected to the base terminal of transistor 41, and the col- 
lector terminal of which is connected to supply line 4. 

Node 22 is also connected to the base terminal of 
an NPN transistor 49, the collector terminal of which is 4S 
connected to supply line 4, and the emitter terminal of 
which is connected to input 18 of buffer amplifier 13 and 
to a current source 50 interposed between transistor 49 
and ground. 

Node 22 is also connected to the drain terminal of so 
a P-channel MOS transistor 51, the gate terminal of 
which is connected to a node 52 defined by the output 
of a buffer amplifier 53, the input of which is connected 
to input 9 of drive stage 8 and is supplied with signal IN. 
Node 52 is also connected to the gate terminal of two ss 
N-channel MOS transistors 54 and 55. More specifically, 
the source terminal of MOS transistor 54 is grounded, 
and the drain terminal is connected to the drain terminal 

of MOS transistor 51; and the source terminal of MOS 
transistor 55 is also grounded, and the drain terminal is 
connected to node 36 (anode of diode 24). Finally, node 
36 is connected to the emitter of an NPN bipolar tran- 
sistor 58, the base terminal of which is connected to 
node 52, and the collector terminal of which is connect- 
ed to supply line 4. 

In Figure 4, too, power MOS transistors 2,3,5-4, 55 
are shown together with respective protection diodes 
(not numbered). 

In the Figure 4 circuit, Zene r d iodes 43,44 gene rate 
the regulated voltage which, added to voltage drop VBE 

at the base-emitter junction of transistor 41, is supplied 
to low-output-impedance node 22. Via transistor 49, the 
regulated voltage (corresponding to VREG in Figure 2) 
is supplied to buffer amplifier 18; and the same regulat- 
ed voltage (added to the base-emitter voltage drop VBE 

of transistor 58 and to the source-drain voltage drop of 
MOS transistor 51, which is nevertheless substantially 
negligible) is supplied to node 36 via the inverter formed 
by MOS transistors 51, 54, 55 when MOS transistor 51 
is turned on, to generate the switched regulated voltage 

supplied to diode 24. More specifically, when input 
signal IN is low, the output of buffer amplifier53 is also 
low, so that transistor 51 stays on and transistors 54, 55 
stay off; the base terminal of transistor 58 is biased sub- 
stantially at the regulated voltage at node 22, and sup- 
plies the regulated voltage (less voltage drop VBE) to the 
anode of diode 24 to charge capacitor 25. 

When input signal IN switches to high, the output of 
buffer amplifier 53 also switches to high, thus turning off 
MOS transistor 51 and turning on MOS transistors 54, 
55, which ground node 36, so that diode 24 is turned off 
as described with reference to Rigure 2. 

In the Figure 4 circuit also, the propagation delay of 
the switching edges of input signal IN through buffer am- 
plifier 53 and transistors 51, 5S, 54, 55 is less than that 
of the same edges through components 8,12,13, 2, 3, 
to ensure correct operation of tine switched power sup- 
ply regulator. 

The advantages of the circ uit described are as f ol- 
lows. Firstly, it provides for preventing uncontrolled var- 
iations in the regulated voltage, without using filter ca- 
pacitors of non-integratable value. Secondly, it involves 
only a small number of simple, easily-integratable addi- 
tional components, andtherefore practicallynoincrease 
in manufacturing cost as compared with known circuits. 
And, thirdly, it is reliable and accurately controlled. 

Claims 

1. A bootstrap line power sup ply regulator comprising 
a regulated voltage source ( 23) defining a regulated 
voltage node (22) at a regulated voltage (VRE<3); a 
bootstrap capacitor (25) interposed between a sup- 
ply node (17) and a reference node (6), said refer- 
ence node (6) being at a reference voltage (OUT) 
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switchable between a first and a second value, said 
first value being lower than said second value; and 
a diode (24) having an anode terminal connected 
to said regulated voltage node (22) and a cathode 
terminal connected to said supply node (17); char- s 
acterized in that it comprises a turn-off means (31) 
interposed between said regulated voltage node 
(22) and said anode terminal of said diode (24) for 
alternately connecting said anode terminal of said 
diode to a voltage lower than said second value of 10 
said reference voltage before said reference volt- 
age switches from said first to said second value 
and for connecting said anode terminal to said reg- 
ulated voltage node (22) upon said reference volt- 
age switching from said second to said first value, is 

2. A power supply regulator according to claim 1, char- 
acterized in that it comprises a drive stage (8) hav- 
ing an input (9) supplied with a digital control signal 
(IN) and an output (10,11) connected to said refer- 20 
ence node (6) and in that said turn-off means com- 
prises a buffer amplifier (31) having an input (32) 
connected to said input (9) of said drive stage, an 
output (36) connected to said anode terminal of said 
diode(24) and at least one bias terminal (33) con- 2s 
nected to said regulated voltage node (22). 

3. A power supply regulator according to claim 2, char- 
acterized in that said buffer amplifier (31) comprises 
an input buffer (53) and an inverter (51, 54,55) con- so 
nected to the output (52) of said input buffer. 

4. A power supply regulator according to any of the 
preceding claims, characterized in that it comprises 
a power stage (1) including a first and a second 35 
power transistor (2, 3) connected between a supply 
voltage line (4) and a ground line (5) and defining 
said reference node (6). 

Patentanspruche 
40 

1. Ein Versorgungsspannungsregler fur Bootstraplei- 
tung, der umfaBt eine geregelte Spannungsquelle 
(23), die einen geregelten Spannungsknoten (22) 45 
bei einer geregelten Spannung (VREG) festlegt; ei- 
nen Bootstrapkondensator (25), der zwischen ei- 
nem Versorgungsspannungsknoten (17) und einem 
Bezugsknoten (6) eingef ugt ist, wobei der genannte 
Bezugsknoten (6) auf einer Bezugsspannung so 
(AUS) ist, die zwischen einem ersten und einem 
zweiten Wert umschaltbar ist, wobei der genannte 
erste Wert niedriger als der genannte zweite Wert 
ist; und eine Diode (24), die eine Anodenklemme, 
die mit dem genannten geregelten Spannungskno- ss 
ten (22) verbunden ist, und eine Kathodenklemme 
aufweist, die mit dem genannten Versorgungsspan- 
nungsknoten (17) verbunden ist; dadurch gekenn- 

zelchnet, da8 sie eine Ausschalteinrichtung (31) 
umfaBt, die zwischen dem genannten geregelten 
Spannungsknoten (22) und der genannten Anoden- 
klemme der genannten Diode (24) eingefugt ist, urn 
die genannte Anodenklemme der genannten Diode 
mit einer Spannung, die niedriger als der genannte 
zweite Wert der genannten Bezugsspannung ist, zu 
verbinden, bevor die genannte Bezugsspannung 
von dem genannten ersten auf den genannten 
zweiten Wert schaltet, und die genannte Anoden- 
klemme mit dem genannten geregelten Span- 
nungsknoten (22) zu verbinden, wenn die genannte 
Bezugsspannung von dem genannten zweiten auf 
den genannten ersten Wert schaltet. 

2. Ein Versorgungsspannungsregler gemaB An- 
spruch 1, dadurch gekennzelchnet, daBer eine 
Treiberstufe (8) umfaBt, die einen Eingang(9), dem 
ein digitales Steuersignal (EIN) zugefuhrtwird, und 
einen Ausgang (10, 11) aufweist, der mit dem ge- 
nannten Bezugsknoten (6) verbunden ist, und daG 
die genannte AusschalteinrichtungeinenPufferver- 
starker(31) umfaBt, der einen Eingang(32), der mit 
dem genannten Eingang (9) der genannten Treiber- 
stuf e verbunden ist, einen Ausgang (36), der mit der 
genannten Anodenklemmo der genannten Diode 
(24) verbunden ist, und wenigstens eine Vorspan- 
nungsklemme (33) aufweist, die mit dem genannten 
geregelten Spannungsknoten (22) verbunden ist. 

3. Ein Versorgungsspannungsregler gemaB An- 
spruch 2, dadurch gekennzelchnet, daQder ge- 
nannte Pufferverstarker (31 ) einen Eingangspuffer 
(53) und eine Umkehrschalt ung (51,54,55) umfaBt, 
die mit dem Ausgang (52) des genannten Ein- 
gangspuffers verbunden ist, 

4. Ein Versorgungsspannungsregler gemaB irgendei- 
nem der vorhergehenden AnsprOche, dadurch ge- 
kennzelchnet, daB er eine Leistungsstufe(T) um- 
faBt, die einen ersten und einen zweiten Leistungs- 
transistor (2, 3) enthalt, die zwischen einer Versor- 
gungsspannungsleitung(4) und einer Masseleitung 
(5) verbunden sind und den genannten Bezugs kno- 
ten (6) festlegen. 

Revendlcations 

1. Regulateur d'alimentation pour ligne de type & 
auto6!6vation comprenant une source de tension 
r§gul6e (23) dSfinissant un noeud de tensbn r6gu- 
I6e (22) k une tension r^gu Ide (VREG); une capa- 
city d'auto6l6vation (25) interposSe entre un noeud 
d'alimentation (17) et un noeud de r6f6rence (6), le- 
dit noeud de reference (6) ^tant k une tension de 
r6f6rence (OUT) pouvant £tre commut6eentre une 
premiere et une seconde valeur, laditepremi&re va- 
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leur 6tarit interieure & ladite seconde valeur; et une 
diode (24) prSsentant une borne d'anode connec- 
ts audit noeud de tension regutee (22) et une bor- 
ne de cathode connectee audit noeud d'alimenta- 
tion (17); caract6ris6 en ce qu'il comprend un s 
moyen de deactivation (31) interpos6 entre ledit 
noeud de tension r6gu!6e (22) et ladite borne d'ano- 
de de ladite diode (24) afin de connecter de mani&re 
alternee ladite borne d'anode de ladite diode k une 
tension interieure & ladite seconde valeur de ladite io 
tension de reference avant que ladite tension de re- 
ference ne commute de ladite premiere k ladite se- 
conde valeur et afin de connecter ladite borne 
d'anode audit noeud de tension tegutee (22) lors de 
la commutation de ladite de tension de teterence is 
entre ladite seconde et ladite premiere valeur. 

Regulateur d'alimentation selon la revendication 1, 
caracteris6 en ce qu'il comprend un Stage d'attaque 
(8) prSsentant une entr6e (9) recevant un signal de 20 
commande num6rique (IN) et une sortie (10, 11) 
connectee audit noeud de reference (6) et en ce 
que ledit moyen de deactivation comprend un am- 
plificateur d'adaptation (31) ptesentant une entr6e 
(32) connectee a ladite enttee (9) dudit etage d'at- 2s 
taque, une sortie (36) connectee k ladite borne 
d'anode de ladite diode (24) et au moins une borne 
de polarisation (33) connectee audit noeud de ten- 
sion r§gu!6e (22). 

30 
Ftegulateur d'alimentation selon la revendication 2, 
caracterisS en ce que ledit amplificateur d'adapta- 
tion (31) comprend un adaptateur d'entr^e (53) et 
un inverseur (51, 54, 55) connecte a la sortie (52) 
dudit adaptateur d'entrde. 35 

R6gulateur d'alimentation selon Tune quelconque 
des revendications pr6c6dentes, caracteris§ en ce 
qu'il comprend un etage de puissance (1) compre- 
nant un premier et un second transistor de puissan- 40 
ce (2, 3) connectes entre une ligne de tension d'ali- 
mentation (4) et une ligne de masse (5) et d6finis- 
sant ledit noeud de reference (6). 

46 

so 

55 
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